Many patients with mild traumatic brain injury (MTBI) concurrently sustain extracranial injuries; however, little is known about the impact of these additional injuries on outcome. We assessed the impact of additional injuries on the severity of postconcussional symptoms (PCS) and functional outcome 6 months post-injury. A questionnaire (including the Rivermead Post-Concussion Questionnaire and SF-36) was sent to consecutive MTBI patients (hospital admission Glasgow Coma Score 13-15; age range 18-60 years) admitted to the emergency department of a level-I trauma center, and, to serve as a baseline for PCS, a control group of minor-injury patients (ankle or wrist distortion). Of the 299 MTBI respondents (response rate 52%), 89 had suffered additional injuries (mean Injury Severity Score [ISS] of 14.5 ؎ 7.4). After 6 months, 44% of the patients with additional injuries were still in some form of treatment, compared to 14% of patients with isolated MTBI and 5% of the controls. Compared to patients with isolated injury, MTBI patients with additional injuries had resumed work less frequently and reported more limitations in physical functioning. Overall, they did not report higher levels of PCS, despite somewhat more severe head injury. Regardless of the presence of additional injuries, patients that were still in treatment reported significantly more severe PCS, with highest rates in patients with isolated MTBI. In conclusion, many patients with additional extracranial injuries are still in the process of recovery at 6 months after injury. However, despite more severe impact to the head and inferior functional outcomes, these patients do not report more severe PCS.
INTRODUCTION
W ITH AN INCIDENCE of 100-300 per 100,000 hospital-treated patients, mild traumatic brain injury (MTBI) is one of the most prevalent neurological disorders. Mortality is low, and most patients are able to regain their former level of functioning within 3 months (Cassidy et al., 2004) . Nevertheless, a subgroup of pa-tients still reports debilitating symptoms up to years after injury, and there is ongoing controversy regarding the mechanisms that cause these chronic postconcussional symptoms (Binder et al., 1997; Cassidy et al., 2004; King et al., 1999; Mooney et al., 2005) . A factor that may greatly delay the process of recovery after MTBI is the presence of concurrently sustained injuries to other parts of the body such as luxations, fractures, or internal le-sions. However, little is known about the impact of these additional injuries on long-term outcome and, more specifically, the development of postconcussion-like symptoms.
Many studies excluded patients with (severe) extracranial injuries to avoid potential bias (Barth et al., 1983; Bohnen et al., 1995; de Kruijk et al., 2002; Hugenholtz et al., 1988; Levin et al., 1987; Macciocchi et al., 1998; McCauley et al., 2001) . The few studies that did comment on the influence of non-brain injuries on outcome, either by including severity scores in a regression model (Bohnen et al., 1994; Dikmen et al., 1994; Savola et al., 2003) or by comparing TBI patients to general trauma patients without head injury (Dacey et al., 1991) consistently show that more severe additional injuries are associated with lower return-to-work rates, most likely reflecting slower physical recovery (Dikmen et al., 1994; Stambrook et al., 1990; van der Naalt et al., 1999) . Several authors suggest that the presence of additional injuries might also lead to increased levels of postconcussion-like symptoms (e.g., through physical limitations, pain, or fatigability) (Binder, 1986; Iverson et al., 1997; Kibby et al., 1997; Satz et al., 1999) , but this assumption has not often been the subject of systematic research, and current results are inconsistent. Whereas one study reports more cognitive and behavioral problems in patients with extracranial injuries compared to those without (van der Naalt et al., 1999) , others only found more physical symptoms (Bohnen et al., 1994) or no influence of nonbrain injury severity on symptom report at all (Paniak et al., 2002; Savola et al., 2003) .
To our knowledge, no studies have directly compared MTBI patients with and without additional injuries on long-term outcome or considered the impact of different types of additional injuries. As a result, the process of recovery of this category of patients is still poorly characterized. In the present study, we will evaluate MTBI patients with and without concurrently sustained extracranial injuries regarding functional outcome and postconcussional symptoms 6 months post-injury, and assess the impact of the nature and severity of the additional injuries. Furthermore, as many MTBI patients with additional injuries will still be in the process of recovery, treatment status at time of the assessment will be considered.
METHODS

Patients and Procedure
All consecutive patients aged 18-60 years who were admitted to the emergency department (ED) of the level-I trauma center of the Radboud University Nijmegen Medical Centre with a diagnosis of MTBI in the period between November 2001 and October 2003 were eligible to participate in the study. Six months post-injury, all patients were sent a letter containing information about the study and a questionnaire booklet with a request to return the completed forms, together with a written informed consent. The study was approved by the ethics committee of the Radboud University Medical Centre Nijmegen.
Definition of Mild Traumatic Brain Injury
The definition of MTBI that we used was a history of impact to the head with or without loss of consciousness (LOC) of Յ30 min and with or without posttraumatic amnesia (PTA) and a hospital admission Glasgow Coma Score (GCS) of 13-15 (Vos et al., 2002) .
Parameters of Mild Traumatic Brain Injury
As part of a standardized registration procedure, a range of clinical injury indices were recorded on admission to the ED (e.g., Glasgow Coma Scale [GCS], risk factors for intracranial complications and mechanism of injury). The presence and duration of LOC was based on reports of witnesses or ambulance personnel, and the presence and resolution of PTA was assessed by a resident of neurology on the ED by a series of questions regarding short-term memory and orientation. Computed tomography (CT) of the head was performed according to international guidelines (Vos et al., 2002) . For the purpose of this study, CTs were classified as normal or abnormal, an abnormal CT was defined as showing signs of contusion, edema, subdural hematoma, epidural hematoma, or subarachnoid hemorrhage, according to one rater blinded from all outcome measures (P.V.). If alcohol or drug intoxication was suspected, a blood draw was conducted in the ED to determine blood-alcohol levels.
Additional Injuries
Injury severity was scored with the Abbreviated Injury Score (AIS)/Injury Severity Score (ISS) (Baker et al., 1974) , an anatomical scoring system that provides an overall severity score based on the three most severely injured body regions. Patients were categorized as having additional injuries when, in addition to an MTBI, they sustained significant injury, defined as an AIS-score of 2 or more, in one of the AIS-ISS body regions. Two ISS scores were calculated-i.e., the AIS-ISS (based on all six AIS body areas) and a modified score (based on the three most severely injured body areas excluding injuries to the head). In this study, the location of the additional trauma was allocated to mutually exclusive AIS regions STULEMEIJER ET AL.
(Face, Chest/Abdomen, Extremities, or Multiple [significant injury to more than one AIS region besides the head]). Because of few patients per category, the categories Chest and Abdomen were grouped together. Only one patient had a score of 2 on the AIS-External, and was consequently excluded from the subgroup analysis.
Outcome Measures
In addition to general questions about the patient's demographics, education, and rehabilitation status, the questionnaire booklet contained the following self-report scales:
• The Rivermead Post-Concussion Questionnaire (RPCQ) assessing 16 common post-concussional symptoms on a 5-point Likert scale. Patients are asked to rate how problematic, if at all, each symptom is experienced compared with the situation before they sustained their head injury (King et al., 1995) . In the present study, symptoms were classified into three domains (physical, cognitive, affective), and given that the number of items per domain was unequal, raw scores were transformed into a 1-100 scale. The three symptom domains were highly internally consistent, with Cronbach's alpha reliability coefficients ranging from 0.88 to 0.92. As the RPCQ rates symptom severity compared to before trauma, no population norms are available. Minor-injury orthopedic patients aged 18-60, who attended the ED in the period between January and November 2003 with an ankle or wrist distortion without any sign of a head injury, in whom speedy recovery was expected, served as a control for the severity and specificity of the postconcussional symptoms. • Two subscales of the Short Form-36 (Dutch version) to assess limitations in activities of daily living (ADL): "Physical functioning" (10 items measuring the extent to which a person is limited by his/her health in performing a range of physical activities, from playing strenuous sports to bathing and dressing) and "Social functioning" (2 items measuring the extent to which health or emotional problems impact on social activities with others). All items of each subscale are summed and the total is transformed into a 1-100 score, with higher scores indicating a higher state of health or well-being. This widely used measure of impairments in ADL has shown good reliability and validity (Aaronson et al., 1998; Steward et al., 1998 ). • The Extended Glasgow Outcome Scale (GOS-E) that scores functional outcome with a series of questions covering consciousness, independence inside and outside the home, major social roles (work, social and leisure activities, family and friendships), and return to normal life. The final rating is based on the lowest category of outcome indicated by the responses. Traditionally, the GOS-E is scored by a semi-structured interview, but it was shown that reliable outcomes can also be obtained when the format of a self-report questionnaire is used (Hudak et al., 2005; Wilson et al., 1998 ). • One item of the SF-36 ("Compared to one year ago, how would you rate your health in general now?") to rate perceived health change. Patients responded using a 5-point rating scale ranging from "much better" to "much worse." Scores were transformed into a 0-100 scale, where a score of 50 indicated no changes in health compared with one year ago (Steward et al., 1998) .
Statistical Analysis
Data analyses were performed using SPSS software version 12.0 (SPSS Inc., Chicago, IL). All effects were tested at the p Ͻ 0.05 level (two-tailed). Since responses on most outcome measures were not normally distributed, a natural log transformation was performed on the outcome measures to correct for skewness. Analyses of variance were used for between-group comparisons. When a significant main effect was found, post-hoc analyses were performed using the Bonferroni correction. Because the groups were not matched, analyses were adjusted for age and gender. In the tables below, unadjusted scores are presented. Chi-square analyses were used in the case of dichotomous variables.
RESULTS
Response Analysis
MTBI patients. All 618 eligible MTBI patients presented at the ED during the study period were sent a questionnaire six months post trauma. Forty-four envelopes were returned as undeliverable. In total, 299 patients returned a completed questionnaire, which constitutes an overall response rate of 52%. Respondents were significantly older than non-responders (36.0 vs. 33.3, F(1,573) ϭ 7.4, p ϭ 0.007) and more often women (34% vs. 23%, 2 ϭ 8.9, p ϭ 0.003). There were no differences between the groups with regard to the admission GCS and mechanism of injury.
Controls. Questionnaires were sent to 431 consecutive patients presented at the ED with an ankle or wrist distortion during 2003. Four envelopes were returned as un-IMPACT OF EXTRACRANIAL INJURIES ON MTBI OUTCOME deliverable. Completed questionnaires were returned by 261 patients, constituting an overall response rate of 61%. A higher proportion of the respondents was female (55% vs. 37%, 2 ϭ 13.5, p Ͻ 0.001), but there were no age effects. Table 1 shows the differences between the MTBI respondents with and those without additional injuries with respect to demographic variables and injury characteristics. Traffic-related accidents were common, especially in patients with additional injuries. Most patients with additional injuries had been admitted to the hospital, whereas this was less than half for the isolated MTBI patients. Besides more severe injuries to other parts of the body, the patients with additional injuries proved to have suffered more severe trauma to the head, as shown by a higher prevalence of PTA, retrograde amnesia (RA), a lower GCS on admission, and more frequent brain CT abnormalities. To control for potential influence of MTBI severity on outcome, we included the AIS Head score as a covariate in all further analysis. On ED admission, patients with isolated MTBI more frequently reported headache and nausea. The groups did not differ regarding the prevalence of LOC, dizziness or alcohol or drugs intoxication. Compared to the control group, the MTBI patients were significantly older (36.12 vs. 33.2, F(1,559) ϭ 7.6, p ϭ 0.006) and more patients were male (75% vs. 45%, 2 ϭ 25.9, p ϭ 0.0001). All control patients had an AIS Extremities score of 1. Table 2 summarizes the scores of the three patient groups on all outcome measures. As a group, the MTBI patients reported higher impairments in daily functioning and more severe postconcussional symptoms than the STULEMEIJER ET AL. controls. Limitations in physical, social, and occupational functioning were especially prevalent in the MTBI patients with additional injuries. In contrast, no differences were found between the two MTBI subgroups as to the severity of affective, cognitive, or physical postconcussional symptoms.
Patient Characteristics
Six-Month Outcomes
Association between Current Treatment Status and Outcome
Almost half of the patients with additional injuries were still in some form of treatment at time of the study, compared to 14% of patients with isolated MTBI and 5% of the control patients. To investigate the relation between treatment status and outcome, we divided each patient group in those that were in treatment and those that were not. As shown in Table 3 , current treatment was strongly associated with more physical and social impairments, greater negative health change and more severe postconcussion symptoms. Moreover, there was a significant interaction effect between group and treatment status for all postconcussional symptom clusters. Whereas in all three groups, patients in treatment reported more postconcussional-like symptoms, this difference was especially large in patients with isolated MTBI. The MTBI patients with and without additional injuries that were not in treatment showed very similar functional outcome and equal levels of postconcussion-like symptoms. More specifically, they generally reported good global outcome and physical functioning scores comparable to population norms. Nevertheless, MTBI patients who were not in treatment still reported lower social functioning than the population norms, and more severe postconcussionlike symptoms than the minor-injury orthopedic controls.
Impact of Location and Severity of Additional Extracranial Injury
Of the 89 MTBI patients who sustained additional injury, injuries to the extremities were most frequent (n ϭ 53) followed by injuries to the face (n ϭ 32), chest (n ϭ 21), abdomen (n ϭ 8), and external (n ϭ 1). Twenty-two patients suffered significant injuries to two or more AIS areas besides the injury to the head, and in 13 patients, injuries were severe (ISS Ͼ 15). Tentative analyses were conducted to explore the role of the location and severity of the additional injury on 6-month outcome. Six months after injury, 75% of the patients with facial injuries and 82% of those with axial injuries reported good recovery on the GOSE, compared to 57% of patients with extremity injury and 59% of patients with multiple injuries, these differences however did not reach significance ( 2 ϭ 5.7, p ϭ 0.127). Significant effects of location of injury were found in physical functioning assessed with the SF-36 (F(3,85) ϭ 5.1, p ϭ 0.003). Post-hoc analysis showed that patients with facial injuries do not report physical impairments (90.5 Ϯ 13.8), whereas patients with multiple injuries (61.8 Ϯ 33.3) or injuries to either the extremities (65.5 Ϯ 30.4) or chest/abdomen (76.6 Ϯ 22.2) still report substantial impairments. In case of severe injury (ISS Ͼ 15), more limitations in physical functioning were reported (mean 58.4 Ϯ 31.9 vs. 76.4 Ϯ 23.9, F(3,85) ϭ 8.8, p ϭ 0.003), whereas no differences were found regarding the other outcome variables. There were no significant differences between both location or severity of additional injuries on severity of postconcussional symptoms or social functioning.
IMPACT OF EXTRACRANIAL INJURIES ON MTBI OUTCOME
DISCUSSION
One third of the MTBI patients in our sample had suffered additional injuries, with injuries to the extremities being the most frequent, followed by injuries to the face and chest. In line with previous research in MTBI patients, the presence of extracranial injuries was strongly STULEMEIJER ET AL. associated with inferior levels of physical functioning, lower return-to-work rates, and poorer global outcome 6 months after trauma (Dikmen et al., 1994; Stambrook et al., 1990; van der Naalt et al., 1999) . Outcome was poorest in patients who had suffered from injuries to the extremities and in those with injuries to multiple body areas besides the head. Overall, no differences were found in the severity of cognitive, physical, or emotional postconcussional symptoms between the patients with and those without additional injury, which is in accordance with findings from studies using injury severity scores in regression analyses (Bohnen et al., 1994; Paniak et al., 2002; Savola et al., 2003) . However, the results of the present study suggest that differences in outcome between patients with and without additional injuries also depends on treatment status at time of the assessment. MTBI patients with and without additional injuries who were not in treatment 6 months after injury both showed good physical functioning and good global outcome. Despite good physical recovery, these patients nevertheless reported more limitations in social functioning and more severe postconcussion-like symptoms than the minor-injury orthopedic controls. Conversely, patients who were in treatment at the time of the study reported poorer outcome on all outcome measures. In all three patients groups, those in treatment reported more postconcussion-like symptoms than those not in treatment. Interestingly, this difference was especially large in patients with isolated MTBI and not in the ones with additional injuries, as would be expected if functional limitations would indeed lead to more severe postconcussion-like symptoms complaints (Binder, 1986; Iverson et al., 1997; Kibby et al., 1997; Satz et al., 1999) . Potentially, patients with additional injuries who are still in the process of recovering from their extracranial injuries are less likely to report the more subtle postconcussion-like symptoms. The follow-up period needs to be extended to determine whether the report of postconcussional symptoms in the MTBI patients with additional injuries increases or decreases once physical disabilities have been resolved.
Besides more severe extracranial injuries, patients with additional injuries also seemed to have suffered a somewhat more severe impact to the head. However, head injury severity did not have significant influence on any of the outcome measures, which supports previous findings suggesting that there is no linear relationship between injury severity and the subsequent development of postconcussional symptoms (Middleboe et al., 1992; Ponsford et al., 2000) . Since our study did not include non-TBI controls with severe physical injuries, no inferences about the cause of the postconcussion-like symptoms can be drawn (Satz et al., 1999) . To clarify the controversies sur-rounding the diagnosis of postconcussional syndrome, these assumptions deserve further scrutiny.
Based on the results of this study, we strike a cautionary note for studies that use symptoms reported on admission to the ED as outcome predictors. Previous studies suggested that acute symptoms like nausea may have important predictive value for delayed outcome (de Kruijk et al., 2002; Rutherford, 1989; Savola et al., 2003; Stalnacke et al., 2004) . However, in our study, patients with additional injuries were less likely to report sensations of nausea and headache at the ED. This may be explained by the more frequent use of analgesic medication in this group, and potentially, given the prominence of their additional injuries, from underreporting of symptoms related to the relatively mild head trauma. Accordingly, we believe that acute injury characteristics cannot be reliably determined in MTBI patients with additional injuries who receive analgesic or sedative medication, and should therefore not be used as predictors of outcome in this subgroup of patients.
Overall, MTBI patients reported more impairments in daily functioning and higher levels of postconcussional symptoms than the controls with mere ankle or wrist distortions. This finding corresponds with the results of other outcome studies in ED-admitted MTBI patients which showed that, although good recovery is common, some patients will still experience postconcussional symptoms months after injury (Bohnen et al., 1994; Dacey et al., 1991; de Kruijk et al., 2002; Ponsford et al., 2000) . Moreover, the commonly held assumption that most MTBI patients have returned to their premorbid level of functioning after 3-6 months after trauma does not hold true for many patients with additional injuries, and a longer follow-up is necessary to investigate final outcome in these patients. As expected, most patients in the control group had recovered well.
As the response rate in our study only just exceeded 50%, one should be cautious when extrapolating the findings to the general population. Respondents differed from non-responders with respect to age and gender. However, considering the large sample size and the finding that none of these factors had substantially affected the outcomes, we do believe that the results are representative of a general MTBI population as seen in EDs. Since we relied on questionnaires to assess outcome and did not perform structured interviews or actual neuropsychological testing, no formal diagnosis of post-concussional syndrome could be made. Furthermore, the interpretation of the scores on the GOS-E we used to evaluate the patients' overall outcome was fraught in the patients with additional injuries since the instrument does not allow a distinction between impairments due to brain injury and impairments resulting from extracranial injuries. However, we feel we IMPACT OF EXTRACRANIAL INJURIES ON MTBI OUTCOME have successfully circumvented this bias by including several other validated questionnaires assessing outcome.
In conclusion, we demonstrated that patients with MTBI and additional extracranial injuries report inferior functional outcomes 6 months after trauma relative to patients with an isolated MTBI, but equal levels of postconcussional symptoms overall. For many patients, especially those with additional injuries, 6 months is too early to determine final outcome, and the follow-up needs to be expanded. These results suggest that, for the prediction of recovery from MTBI, both for clinical as well as research purposes, it is imperative to take the presence of concurrent injuries into account.
